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© Cardiac analyzer with rem sleep detection. 

© A compact, cardiac analyzer system (100) pro- 
vides for monitoring physiological indicators of rapid 
eye movement (REM) sleep, autonomic fluctuations 
and ischemia. When any of these "indicators" is 
detected, a full complement of ECG data is recorded 
from a subject for subsequent analysis. In the ab- 
sence of these Indicators, only a minimal comple- 
ment of ECG data is recorded. The system includes 
a first set of ECG electrode sets (110). from which 
the data are recorded only during REM sleep, ex- 
treme autonomic drive fluctuations, or ischemia, and 
a second set of ECG electrode sets (112). from 
which the data are constantly recorded. A set of 
electromagnetic interference sensors (116) is used 
to assess environmental noise levels so that cor- 
rupted data can be rejected or purified. During REM 
sleep autonomic drive fluctuations provide a setting 
for assessing the variability of fractionated potentiate 
in subjects susceptible to sudden cardiac death. In 
addition, the muscle atonia characterizing REM 
sleep provides exceedingly low muscle tremor noise 
levels. Accordingly, cardiac activity is most thor- 
oughly monitored when fluctuating fractionated po- 
tentials are most likely to occur and when tremor 
noise levels are most favorable for their detection. 
Data recording is minimized in the absence of the 
indicators, allowing for up to a 5:1 data reduction 
during a typical sleep cycle. 
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BACKGROUND OF THE INVENTION 



The present invention relates to medical instru- 
ments and, more particularly, to a system and 
method for detecting fractionated cardiac poten- 
tials. A major objective of the present invention is 
reliable characterization of fractionated cardiac po- 
tentials which can be a prodrome of sudden car- 
diac death. 

Sudden cardiac death (SCD) is usually the 
result of primary electrical instability of the heart. 
This instability can result when compromised re- 
gions of a heart disrupt the electrical signal which 
activates the heartbeat. These disruptions, while 
not always fatal, cause fractionated potentials, 
which provide clues as to a subject's susceptibility 
to potentially fatal heart problems. 

A fundamental challenge in cardiology is to 
obtain electrocardiograms which are sufficiently 
free of noise that fractionated potentials can be 
detected reliably. Being very weak signals, frac- 
tionated potentials occurring during electrically ac- 
tive periods of the heartbeat are readily masked by 
the much stronger cardiac signals. In addition, even 
when fractionated potentials occur during periods 
otherwise free of cardiac signals, they can be 
masked by non-cardiac electrical activity. If the 
electrical potentials associated with heartbeat ac- 
tivation are precisely registered and carefully pro- 
cessed, information about the fractionated poten- 
tials can be recovered reliably. Less careful ac- 
quisition and processing can allow the miniscule 
fractionated potentials to be missed. 

Electrocardiograms are usually obtained non- 
invasive^ to minimize subject stress and inconve- 
nience, as well as medical expense. Typically, car- 
diac electrical potentials are detected by electrodes 
on the body surface connected to an electrocardio- 
graph (ECG) which plots the various potentials as a 
heartbeat waveform. The cardiac potentials at the 
electrodes are quite weak, in part, because of 
current-shunting by tissue between the heart and 
the skin surface. 

The weakness of the monitored cardiac signals 
makes them vulnerable to noise. The noise can 
arise from stray electrical fields external to the 
subject and from non-cardiac fields within the sub- 
ject. Most notably, electrical potentials from the 
subject's muscular activity and tonicity are super- 
imposed on the cardiac potentials. This superposi- 
tion makes it more difficult to obtain the accurate 
heartbeat waveforms r quir d for reliable detection 
of fractionated potentials. 

From an information theory perspective, the 
problem of accurate representations of electrocar- 
diac activity corresponds to a n ed to improv the 
signal-to-noise ratio for the cardiac potentials. 
Time-averaging is a well-known approach to im- 



proving the signal-to-noise ratio for a periodic 
waveform. Wh n several successiv single-cycle 
waveform segments are aligned and superimposed, 
the common components reinforce each other 
5 while random noise components tend to cancel. 
This approach has been used often in the detection 
of abnormal heartbeat patterns (arrhythmias). The 
arrhythmias can be detected by monitoring a sub- 
ject over a long Interval, making use of a compact, 
ro ambulatory ECG such as a Holter recorder. 

The fractionated potentials associated with 
SCD are weaker than the potentials associated with 
arrhythmias detectable in Holter recordings, and 
additionally, they can fluctuate. Electrical signals 
j 5 that are shunted around abnormal regions of heart 
tissue along various routes generate variable elec- 
trical potentials at the skin surface. To the extent 
that the resulting fractionated potentials vary from 
heartbeat to heartbeat, they will be cancelled rather 
20 than enhanced by time-averaging. The achieve- 
ment of signal-to-noise enhancement by time aver- 
aging when prospecting for fractionated potentials 
is debilitated by the irregularity of the fractionated 
potentials. In this circumstance, both noise and 
25 signal are reduced by time averaging. 

Another approach to improving the signal-to- 
noise ratio of the ECG signals is to minimize the 
sources of noise. Relaxation techniques and shal- 
low breathing techniques have been used to re- 
ao duce muscular activity and thus the amount of 
noise contributed by electrical activity in th* mus- 
cles. However, the noise reduction prov-rd by 
these techniques is limited. Furthermore .hese 
techniques require subject relaxation, whicn may 
35 not be achieved or sustained. The requirement of 
subject relaxation can limit the practical duration 
over which reliable monitoring can occur. 

The duration over which monitoring can occur 
is important since fractionated potentials occur spo- 
40 radically in some subjects. Thus, characterization 
of fractionated potentials can require monitoring a 
subject over many hours. The length of time re- 
quired for monitoring a subject introduces another 
problem: the volume of electrical activity data gen- 
45 erated by a subject over such an extended period 
can make it difficult to Identify electrical patterns of 
interest Thus, there is a need for some preselec- 
tion of data to reduce the field of search for the 
cardiac events of interest, 
so What is needed is a system and method for 
detecting fractionated potentials so that a subject's 
risk of sudden cardiac death can be assessed with 
greater confidence than previous methods allow. 
This requires high-precision multichannel electro- 
55 cardiograms obtained without using time-averaging 
techniques, which techniques can wash out irregu- 
lar potentials. Provision for convenient monitonng 
of a subject over extended time periods is required 
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to enhance the odds that fractionated I potentiate rwlH 
be detected, yet the amount of data coltected 
should be limited to an amount which can be 
practically examined for the fractionated potentials 
of interest. 

SUMMARY OF THE INVENTION 

in accordance with the present invention, car- 
diac electrical potentials are monitored intensively 
during rapid eye movement (REM) sleep, atypical 
Genomic nervous system drive, and/or ischemia. 
In the application of primary interest herein a car- 
diac analyzer system includes means for detecting 
Z occurrence of REM sleep or significant depar- 
tures from average autonomic drive, and an elec- 
trocardiograph for monitoring and recording de- 
fied cardiac activity. The REM ^autonom c 
drive detector means can include the ECG eiec 
trode sets or dedicated physiological sensory 

The electrocardiograph Is coupled to the REM 
sleep/autonomic drive detector means so that the 
amount of electrocardiac data recorded is much 
greater during REM sleep than during other times. 
Since REM sleep occurs during on y abou one- 
fifth of an average sleep cycle, excluding a I data 
outside the REM sleep state permits a 8:1 date 
reduction, greatly reducing the amour, of data to 
be analyzed for diagnosing SCD potential and simi- 
lar heart conditions. A computer controller can pro- 
vide that electrocardiac data be stored only during 
REM sleep, atypical autonomic dnve and/or 
ischemia. Alternatively, the computer controller can 
provide that a limited amount of electrocardiac date 
Ee collected at all times, while additional channels 
of electrocardiac data be recorded only during 
REM sleep, atypical autonomy dnve. and/or 

,SCh rp"eferred cardiac analyzer system provides 
for multiple channels of data. These Include mul- 
tiple electrocardiographic channels and car nndude 
cLnels dedicated to the physiological detection 
of REM sleep states. For example, eye movement 
sensors, muscle atonia sensors, or brain wave sen- 
sors can be used for REM sleep state detection. 
Multiple electrocardiographic channels are used in 
parallel to enhance signal-to-noise Prance y 
spatial averaging of received signals n addition, 
some channels are dedicated to monitoring env, 
ronmenta. noise so that electromagnet,^ ^ distur- 
bances can be assessed and cancelled from the 
date channels. A preprocessor provides for 
baseline correction and spatial av raging for the 

multiple channels. . 

REM sleep Is characterized by generalized 
muscl atonia so that noise due to muscular tone ,» 
absolutely minimal. REM sleep is also character- 
ed by extreme excursions of both the sympa- 



thetic and parasympathetic branches 
nomic nervous system. Variations ,n autonomy 
drive level, in the form of bursts of autonomy 
nervous system activity, cause rapid heart rate 
6 alterations and decelerations. Individuals sus- 
ceptible to heart arrhythmias may respond with 
arrhythmic activity including ectopic beats. B»* 
ed sympathetic stimulation has been shown to cor- 
relate with enhanced cardiac electi.calinstabti.ty. 
,o Thus, by monitoring subjects during REM sleep 
he present invention collects cardiac data both 
when ce events of interest are most likely to occur 
and when they are least likely to be masked by 

, 5 " 0iS The time-varying autonomic drive to me heart 
has a critical role in inducing cardiac electrical 
instability. Therefore, cardiac electrical potentials 
are also analyzed during atypical autonomic drive. 
ZZ* drive levels can be estimated nd^y 
20 by analysis of the electromyography s.gna s onthe 
eiectrocardlographic channels. The present cardiac 
analyzer may supplement the date on the elec 
trocardiogram with data reflective of autonomic ner 
vous system drive obtained from sensors. 
26 Additionally, the ECG data are computer-ana- 
lyzed to indicate the occurrence of myocardial 
ischemia, a lack of sufficient blood supply to the 
heartTsue. which provides another likely interval 
to observe fractionated potentials. Intense data col- 
30 lection is undertaken during myocard.al ischemia. 

The present invention provides for a method o 
characterizing cardiac performance in an individual 
comprising the steps of attaching a primary set o 
ECG electrode sets to an individual, optionally at- 
,s tachinq dedicated physiological sensors of sleep 
3 S and autonomic drive, positioning electiomag- 
nefic interference (EMI) sensors near the individual, 
collecting primary ECG signal data 
trode sets, sleep state and autonomic > dn* date 
.o from the physiological sensors and EMIdate Jttm 
the EMI sensors, monitoring the collected data to 
detect ither a REM sleep state, atypical auionomjc 
fluctuations, or ischemia, and. following such dete«> 
tton. initiating recording of the primary ECG signal 
45 date and the ancillary physiological signal data. 

The multichannel electrocardiograph of the in- 
vention has the capability of differentiating non- 
epSve very low amplitude electric*, signals^ 
the microvolt range from background no^ This 
«, high resolution capability is possible I bemuse of 
the maximum reduction of no.se attendant ^wrth 
REM sleep. In addition, the present invention can 
be impSented as a compact, ambulatory um 
which is non-restricting to the patient and mus 
55 convenient for usage at home. This is important 
bTause unfamiliar environments lead to suppres- 

sion of REM sleep. 

The present invention provides several advan- 
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tages over the prior systems and methods. Cardiac 
electrical activity is monitored during a period in 
which fluctuating fractionated potentials indicative 
of cardiac electrical instability are most likely to 
appear. Periods less likely to produce fractionated 
potentials are excluded, greatly economizing on the 
amount of data storage required for a diagnosis. 
The use of spatial averaging of signals enhances 
the signal-to-noise ratio, and retains the time vari- 
ations which are lost when time-averaging is used. 
Channels dedicated to EMI assessment allow data 
removal or correction for distortions of the elec- 
trocardiographic signals of interest. These and oth- 
er features and advantages of the present invention 
are apparent from the description below with refer- 
ence to the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a schematic diagram of one em- 
bodiment of the cardiac analysis system. 

FIGURE 2 is a flow chart representing a meth- 
od of the invention that can be implemented using 
the cardiac analysis system of FIG. 1 . 

FIGURE 3 is a block diagram of the cardiac 
analysis system of FIG. 1. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

In accordance with the present invention, a 
cardiac analyzer system 100 for assessing a sub- 
ject 99 includes a computer 102. a data quality 
monitor 104, a remote front end (RFE) 106, a cable 
concentrator unit 108, electrode sets 110 and 112, 
and auxiliary physiological sensors 114, as shown 
in FIG. 1. Electrode sets 110 and 112 are attached 
to subject 99 for monitoring electrocardiographic, 
electromyographic, and respiratory activity. Sen- 
sors 114 are attached to subject 99 for monitoring 
sleep state. Additionally, electrode sets 110 and 
sensors ' 114 are used also to monitor autonomic 
drive levels. This enables the instrument to cor- 
relate fluctuating autonomic nervous system drive 
mechanisms with fluctuating ECG signals to derive 
information on fractionated potentials and cardiac 
electrical stability. In addition, sensors 116 are dis- 
posed near subject 99 for monitoring the ambient 
EMI noise levels. At-subject buffer amplifiers are 
provided for each ECG electrode set and each EMI 
sensor. 

The signals transduced by lectrode sets 110 
as well as the dedicated signals provided by sen- 
sors 114 ar used to detect the existenc of a 
REM sleep state. When a REM sleep state is 
det cted by computer 102. data from sensors 114 
and 116 and electrode sets 110 and 112 are re- 
corded for off-line analysis. In the absence of a 



REM sleep state, data from electrode sets 110 and 
from sensors 114 are not recorded unless fluctuat- 
ing autonomic drive and/or ischemia are detected. 
The data from electrode sets 110 and 112 provide 
s multiple channels of electrocardiac data which can 
be spatially averaged to improve signai-to-noise 
ratio. Sensors 116 provide environmental noise 
data which are used to gate out or purify corrupted 
data. This arrangement results in spatially-averaged 
w low-noise data characterizing the cardiac activity of 
subject 99 during REM sleep. 

More specifically, cardiac electrical signals at 
the body surface of subject 99 are transmitted via 
ten primary ECG electrode sets 110 and six secon- 
T5 dary electrode sets 112 through ten leads 1 18 and 
six leads 120. respectively. Multiple leads 118 and 
120 are collected into a manageable cable cluster 
122 at concentrator unit 108 that is attached to a 
belt 124 worn by subject 99. Cable cluster 122 is 
20 connected through a quick release connector 125 
to RFE 106, a unit positioned near the subject's 
bed. Furthermore, cable cluster 122 is long enough 
to permit subject 99 limited ambulation in the vi- 
cinity of RFE 106. 
25 Primary ECG electrode sets 110 initiate a first 
set of data channels 126 and secondary ECG elec- 
trode sets 112 initiate a second set of data chan- 
nels 128. Both sets of channels extend from their 
respective electrode sets, through RFE 106 to 
30 computer 102. RFE 106 includes an analog 
preprocessor 130 which contains amplifiers, imped- 
ance drives/decoders, offset bucking, and 
common-mode cancellation. Computer 102 imple- 
ments a multichannel analysis to monitor lead qual- 
35 ity, buck out electrode offsets, flag epochs of ex- 
cessive EMI, form continuously-monitored signals, 
sense REM sleep, sense autonomic fluctuations, 
sense ischemia, and control data storage. 

EMI from the environment is reduced by 
40 shielding subject 99 with a shielding blanket or 
shielding sleeping bag and by common-mode driv- 
ing However, interference that gets through the 
shielding is sensed by the three EMI sensors 116 
which monitor this interference in three dimensions. 
45 EMI sensors 116 are placed off subject 99 but in 
close proximity to ECG electrode sets 110 and 
112. The EMI signals are transmitted through leads 
132 to RFE 106 and via a third set of data channels 
134 to preprocessor 130 where they are amplified 
so and processed along lines paralleling the handling 
of signals from electrode sets 110 and 112. When 
extremely noisy intervals occur which corrupt the 
ECG signals, computer 102 rejects the signals from 
that interval and halts recording until the EMI 

55 abates. . . 

Converter 136 in RFE 106 performs analog to 
digital conversion, signal interleaving, and com- 
puter control execution. The ECG data are for- 
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matted by converter 136. are converted to light 
pulses and are transmitted through fiber optic ca- 
bles 138 to computer 102. ECG data from the first 
set of channels 126 are recorded only during inter- 
vals of REM sleep or significant autonomic dnye 
variation. Data from the second set of channels 128 
are compressed and recorded throughout the mon- 
itoring interval. For off-line analysis, all data are 
recorded on data store 140 capable of storing large 
amounts of information. The data are optionally 
displayed on monitor 104. allowing quality-control 
by the operator. 

The use of fiber optic cables 138 and RFE 106. 
which is battery powered, isolate subject 99 from 
power line voltages, such as those utilized by com- 
puter 102. Additionally, to accommodate hospital 
requirements, all system elements in contact with 
subject 99, such as electrodes 110 and 112. leads 
118 and 120, concentrator 108. cable cluster 122, 
and belt 124 are capable of being sterilized. 

Detection of REM sleep stage and assessment 
of autonomic drive status as well as myocardial 
ischemia are primarily accomplished through analy- 
sis of data channels 126 and 128. Additional chan- 
nels of information are optionally available through 
sensors 114. Sensors 114 comprise electrodes of 
an electromyograph and an electro-occulograph 
which monitor electrical signals from skeletal and 
periorbital muscles, respectively. Sensors 114 also 
comprise electrodes of an electroencephalograph 
which measures brain activity. Alternatively, other 
sensors for detecting REM sleep and autonomic 
nervous system drive levels can be used. Signals 
from these dedicated sensors are transmitted 
through sensor leads 142 to the remote front end 
unit 106. The signals are transmitted over a fourth 
set of signal channels 144 to preprocessor 130 and 
then to converter 136. When incoming signals In- 
dicate the atonic muscle state and/or rapid eye 
movements characteristic of REM sleep, the com- 
puter 102 initiates recording of the full complement 
of ECG channels as well as the signals from sen- 
sors 116 and 114. By saving full data only dunng 
intervals of REM sleep or significant autonomic 
nervous system drive variation, considerable data 
reduction is achieved, on the order of 5:1 for over- 
night monitoring. 

Preamplifiers (not shown) are provided for each 
of the ECG electrodes 110 and 112 and sensors 
114 and 116. These preamplifiers are characterized 
by very high gain, very low noise, wide bandwidth, 
and wide dynamic range. In addition, the pream- 
plifiers are equipped to determln lead Impedanc s 
so that poor connections can be corrected and so 
that respiratory phase can be sens d. 

System 100 is used to implement a method 
200. illustrated in FIG. 2. ECG electrode sets 110 
are attached, at step 202. to collect, at step 204. a 



first subset of ECG signal data. ECG electrodes 
112 are attached, at step 206, to collect, at step 
208 a second subset of ECG data. EMI sensors 
116', are positioned, at step 210. to coll ct at step 
s 212 EMI data. Subject 99 is optionally fitted, at 
step 214, with sensors 114 which collect, at step 
216 data on physiological indicators of REM sleep 
and' autonomic drive status. Data collected from 
sensors 114 and 116, and ECG electrode sets 110 
,o are monitored, at step 218. When it is deterrmned, 
in step 220, that EMI is . not excessive, and when 
there is detected REM sleep, at step 222 (via 
absence of EMG signals), or autonomic fluctuation 
at step 224 (via heartrate variability analysis), or 
, 5 ischemia at step 226 (via ST segment analysis) ful 
data are recorded, at step 228. The second subset 
of ECG data, which is collected, at step 208, from a 
minimum number of electrodes 112 on a minimum 
number of signal channels 128. is continuous y 
20 recorded so that a complete record of ECG activ.ty 
is available for arrhythmia analysis. 

Computer 102 comprises a signal processing 
section 302. which receives data from RFE 106, as 
shown in FIG. 3. Signal processing section 302 
25 divides the incoming data so that secondary ECG 
data and other data to be continuously recorded is 
directed along secondary data path 306 and so that 
primary ECG data and other data to be selectively 
recorded are directed along primary path 308. The 
3 o secondary data along secondary data path 306 are 
received by interface 310 which forwards the re- 
ceived data to data storage 140 via data path 314. 

Primary data line 308 can be selectively en- 
abled and disabled using a gate 316. which. When 
35 gate 316 is disabled, no primary data reaches 
interface 310. When gate 316 is enabled, interface 
310 towards primary data along with secondary 
data along path 314 for recording by data t storage 
140 The status of gate 316 is determined by REM- 
« state detector function 318. Detector 318 rece ves 
data pertinent to the determination of REM-state 
autonomic fluctuations, and ischemia from signal 
processor 302 via data path 320. Detector ^ 318 
analyzes these data to detect the states of interest. 
4S Upon detection of REM sleep, autonomy fluctu- 
ations or ischemia, detector 318 transmits a control 
signal along control line 322. enabling gate 316. 

In system 100. the ECG data from multiple 
channels 126 and 128 are combined after analog- 
so to-digital conversion, while an alternative embod.- 
ment allows for analog combining of channels pnor 
to conversion to digital form to achieve improved 
data reduction. Another mbodiment of the inven- 
• tion enables the computer 102 to start the record- 
55 ing wh n incoming data indicate the onset of REM 
sleep and stop the recording when incoming data 
indicate the end of REM sleep, while another alter- 
native embodiment has the recording automatically 
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stopped after a s t Int rval of time, on the order of 
twenty minutes, the typical duration of REM sleep. 

Embodiments appropriate for measuring auto- 
nomic drive levels allow for off-line spectral analy- 
sis of heart rate variability and covariance analysis 
of heart rate and respiration both performed on 
data from ECG electrode sets 110. They also allow 
for off-line analysis of signals provided by sensors 
114 which monitor galvanic skin response or res- 
piration. Sensors 114 may measure respiration us- 
ing impedance plethysmography or strain gauges. 
Additional sensors 146 may measure blood pres- 
sure using cycled arm cuff or servoed finger cuff. 
Signals from blood pressure sensors 146 would be 
transmitted through blood pressure leads 148, and 
blood pressure signal channels 150 to be pro- 
cessed and analyzed. Assessment of baroreflex 
sensitivity can be realized by co-analyzing sponta- 
neous blood pressure changes and the associated 
heart rate fluctuation. A decrease in baroreflex sen- 
sitivity indicates susceptibility to unstable cardiac 
activation in response to autonomic drive modula- 
tion. Since this insensitivity often appears after 
myocardial infarction, a cardiac analyzer with capa- 
bility for measuring blood pressure along with ECG 
signals is useful for patients who have suffered 
heart attacks. Alternatively, when sensors 114 mea- 
sure respiratory rhythms along with ECG during 
REM sleep, they are useful in detecting sleep 
apnea or a tendency toward sudden infant death 
syndrome. 

The present invention provides embodiments in 
which different numbers of ECG electrode sets are 
used. Any subset or none of the ECG electrode 
sets can be constantly recorded. Different numbers 
of EMI electrode sets can be used for data gating, 
or means for correction can be employed (adaptive 
noise cancellation). Different numbers and types of 
sensors can be recorded for off-line analysis. Data 
can be recorded in analog or digital form and on 
magnetic, paper or other media. These and other 
variations upon and modifications to the descnbed 
embodiments are provided for by the present in- 
vention, the scope of which is limited only by the 
following claims. 

Claims 



to 



least some of said first data set; and 

a computer (102) coupled to said data 
collection means and to said recording means, 
said computer having state detector means 
(318) to analyze said first data set for indica- 
tions of a REM sleep state so that said com- 
puter causes said recording means to begin 
recording said first ECG data subset during 
said REM sleep state. 

2. A cardiac analyzer as recited in Claim 1 
wherein said sleep state data subset is ECG 
data subset. 

r S 3. A cardiac analyzer as recited in Claim 1 
wherein said sleep state data subset is from at 
least one element of the set of instruments 
consisting of an electro-occulograph. an elec- 
tromyograph. and an electroencephalograph. 

20 4. A cardiac analyzer as recited in Claim 1 
wherein said state detector means is further 
capable of analyzing said first data set for 
indications of autonomic drive fluctuation so 

25 that said computer causes said recording 
means to begin recording in response to said 
indications of autonomic drive fluctuation. 

5. A cardiac analyzer as recited in Claim 1 
ao wherein said state detector means is further 

capable of analyzing said first data set for 
indications of ischemia so that said computer 
causes said recording means to begin record- 
ing in response to said indications of ischemia. 

35 

6. A cardiac analyzer as recited in Claim 1 
wherein said collection means further com- 
prises a second data channel (128) for trans- 
mitting a second data set of electrocardiog- 

40 raphic data so that said computer causes said 
recording means to continually record said 
second data set. 

7 A cardiac analyzer as recited in Claim 6 
« wherein said computer causes said recording 
means to stop recording said first data set 
when said state detector means indicates that 
said REM sleep state is no longer present. 



1 A cardiac analyzer (1 00) comprising: 

data collection means (106) for collecting 
physiological data from an individual, said data 
collection means having a data channel set of 
data channels (126. 128. 144) for transmitting a 
first data set of said physiological data, said 
first data set including a first ECG data subset 
and a sleep state data subset from which an 
REM sleep state can be detected; 

recording means (140) for recording at 



so 8. A cardiac analyzer as recited in Claim 6 
wherein said computer causes said recording 
means to stop recording said first data set a 
fixed period of time after recording of said first 
data set is begun. 

9. A cardiac analyzer as recited in Claim 6 
wherein said collection means collects EMI 
data, said computer having EMI evaluation 
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means for evaluating when said EMI data in- 
dicates that a EMI threshold is exceed d. said 
computer causing said recording means to 
stop recording said first data set when said 
said EMI data indicates that said EMI threshold 
is exceeded. 

10. A cardiac analyzer (100) comprising: 

data collection means (106) for collecting 
physiological data from an individual, said data 
collection means having at least a first data 
channel (126) for transmitting a first data set of 
said physiological data, said first data set In- 
cluding a first ECG data subset and an auto- 
nomic drive data subset from which autonomic 
drive fluctuation can be detected; 

recording means (140) for recording at 
least some of said first data set; and 

a computer (102) coupled to said data 
collection means and to said recording means, 
said computer having state detector means to 
analyze said first data set for indications of 
autonomic drive fluctuation so that said com- 
puter causes said recording means to begin 
recording said first ECG data subset in re- 
sponse to said indications of autonomic drive 
fluctuation. 

11. A cardiac analyzer (100) comprising: 

data collection means (106) for collecting 
physiological data from an individual, said data 
collection means having at least a first data 
channel (126) for transmitting a first data set of 
said physiological data, said first data set in- 
cluding a first ECG data subset and an 
ischemia data subset from which indications of 
ischemia can be detected; 

recording means (140) for recording at 
least some of said first data set; and 

a computer (102) coupled to said data 
collection means and to said recording means, 
said computer having state detector means to 
analyze said first data set for said indication of 
ischemia so that said computer causes said 
recording means to begin recording said firs 
ECG data subset during said indications of 
ischemia 



TO 



12. A method of characterizing cardiac electrical 
stability in an Individual, said method compns- 
inq the steps of: 

attaching (202) primary ECG lectrode 

sets to an individual; 

collecting (204) primary ECG signal data 
through said primary ECG electrode sets; 

monitoring (218) said primary ECG sign* 
data to determine periods during which a REM 
sleep state of said individual can be detected 



(222); and ,_, . 

initiating recording (228) of said primary 
signal data when said REM sleep state is de- 
tected. 

13. The method of Claim 12 wherein: 

said attaching step further involves attach- 
ing (206) secondary ECG electrode sets to 
said individual; 

said collecting step further involves collect- 
ing (208) secondary signal data through said 
secondary ECG electrode sets; and 

said recording step further involves record- 
ing said secondary ECG signal data continu- 
T5 ously. 

14. The method of Claim 13 further wherein: 

said attaching step further involves attach- 
ing (214) physiological sensors to said individ- 

20 Ual ' said collecting step further involves collect- 
ing (216) physiological signal data through said 
physiological sensors; 

said monitoring step further involves moni- 

25 toring (218) said physiological data so auto- 
nomic fluctuation (224) of said individual can 
be detected and monitoring (218) said primary 
ECG data so ischemia (226) can be detected; 

30 said recording step further involves initiat- 

ing recording of said primary signal data when 
autonomic fluctuation is detected and initiating 
recording of said primary signal data when 
Ischemia is detected. 

35 15 A method of characterizing cardiac electrical 
stability In an individual, said method compns- 
Ina the steps of: 

attaching (202) primary ECG electrode 
An sets to an individual; 

collecting (204) primary ECG signal data 
through said primary ECG electrode sets; 

monitoring (218) said primary ECG signal 
data to determine periods during which auto- 
45 nomic fluctuations of said individual can be 
detected (224); and 

initiating recording (228) of said pnmary 
signal data when said autonomic fluctuations 
are detected. 

50 16 A method of characterizing cardiac electrical 
' stability in an individual, said method compr.s- 

i09, SaS P n S g O (202) primary EGG electrode 

through said primary ECG electrode sete ; 
monitoring (218) said primary ECG signal 
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data to determine periods during which 
ischemia of said individual can b detected 
(226); and 

initiating recording (228) of said primary 
signal data when said ischemia is detected. 

17. A method of characterizing baroreceptor reflex 
sensitivity in an individual, said method com- 
prising the steps of: 

attaching (202) primary ECG electrode 
sets to an individual; 

attaching (214) a non-invasive blood pres- 
sure sensor to an individual; 

collecting (204) primary ECG signal data 
through said primary ECG electrode sets; 

collecting (216) blood pressure data 
through said blood pressure sensor; 

monitoring (218) said primary ECG signal 
data and said blood pressure data to deter- 
mine periods during which heart rate or blood 
pressure fluctuations occur (224) In said in- 
dividual; and 

initiating recording (228) of said primary 
ECG signal data and said blood pressure data 
when said fluctuations occur. 
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© Cardiac analyzer with rem sleep detection. 

© A compact, cardiac analyzer system (100) pro- 
vides for monitoring physiological indicators of rapid 
eye movement (REM) sleep, autonomic fluctuations 
and ischemia. When any of these "indicators" is 
detected, a full complement of ECG data is recorded 
from a subject for subsequent analysis. In the ab- 
sence of these indicators, only a minimal comple- 
ment of ECG data is recorded. The system includes 
a first set of ECG electrode sets (110), from which 
the data are recorded only during REM sleep, ex- 
treme autonomic drive fluctuations, or ischemia, and 
a second set of ECG electrode sets (112), from 
which the data are constantly recorded. A set of 
electromagnetic interference sensors (116) is used 
to assess environmental noise levels so that cor- 
rupted data can be rejected or purified. During REM 
sleep autonomic drive fluctuations provide a setting 
for assessing the variability of fractionated potentials 
in subjects susceptible to sudden cardiac death. In 
addition, the muscle atonia characterizing REM 
sleep provides exceedingly low muscle tremor noise 
levels. Accordingly, cardiac activity is most thor- 
oughly monitored when fluctuating fractionated po- 
tentials are most likely to occur and when tremor 
noise levels are most favorable for their detection. 
Data recording is minimized in the absenc of the 
indicators, allowing for up to a 5:1 data reduction 
during a typical sleep cycle. 



ECO 
tm 

as 



Attach ECG 



Marti 







+ 


coioctr 




CoBadl* 


ECG Data 




ECO Data 








201 



Portion EMI 
S#n*oii , 
21Q 



Cobct 

Dtf* 

21fi 



Cotoct 

EMI Dam 




Raced Dote 



figure, 2 



Rank Xerox (UK) Business Services 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AjpUcatioo Nuaher 



EP 91 10 3601 



nnriTMFNTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, 
of rctevatit pr 



Y 1 US-A-4 228 806 (D.UDOW) 

A I * column 5, line 37 - column 6, line 3; figure * 




FticaafMSvh 

BERLIN 



CATEGORY OF CITED DOCUMENTS 

Y : SSSSy relevant If coaafoei with another 

EanBtot of the same category 
A : technological hackgrount' 
O : ooo-*ritteo iUctoure 
p : iBienoointe toctzacnt 



